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Abstract  
Tree mortality caused during extensive outbreaks of spruce beetle (Dendroctonus  
rufipennis Kirby [Coleoptera:  Curculionidae]), has been assumed to increase hazardous  
fuel loads and consequently influence fire behavior, occurrence, and effects.  However,  
little research has been done to quantify or qualify how spruce beetle-induced tree  
mortality may alter fuel complexes during the course of an outbreak.  The objective of  
our research was to determine how fuel complexes differ between stands with 1) endemic  
populations of spruce beetle, 2) stands experiencing current outbreaks and 3) stands with  
post-outbreak spruce beetle-induced tree mortality.  We measured ground, surface and  
aerial fuels in spruce-fir stands assigned into one of three spruce beetle condition classes;  
endemic, epidemic, or post-epidemic.  These stands were located on the Manti-LaSal and  
Fishlake National Forests in south central and southern Utah.  We used analysis of  
variance to compare mean differences in stand attributes and fuel variables between the  
three spruce beetle condition classes.  Mean amount of down, woody, surface fuel  
(tonnes/ha) in the 100 hr size class in epidemic stands was significantly greater than  
endemic stands.  Mean litter depth and amount was significantly greater in epidemic  
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stands than endemic and post-epidemic stands.    A significant increase for most  
estimates of live and dead herbaceous material was detected in epidemic stands and post- 
epidemic stands when compared with stands not impacted by spruce beetle.  Similarly,  
significant increases in live shrub material were detected in post-epidemic stands.   
Spruce-fir stands also had significantly less live aerial fuels following outbreaks  
compared with endemic stands.    
Introduction  
Engelmann spruce (Picea engelmannii Parry ex Engelm) and subalpine fir (Abies  
lasiocarpa var latifolia Nutt) forests are widely distributed in the subalpine zone of the  
Intermountain West (Long 1994).  Compared to lower elevation forest types, spruce-fir  
forests have relatively long fire return intervals (Wadleigh and Jenkins 1996).  In the  
northern Rockies for example, fire return intervals were estimated at between 50-130  
years (Arno 1980).  Stand replacing crown fires occurred more than every 200 years in  
northwestern Colorado (Veblen et al. 1994) and 300 years in the Yellowstone area  
(Romme 1982).  
The length of time between stand replacing fires is due to short snow-free periods  
(approximately two months) and slow rates of decomposition that allow surface and  
ground fuels to accumulate (Romme 1982, Veblen et al. 1994, Jenkins et al. 1998).   
Insect epidemics, windstorms, or previous fire events can also contribute to increased fuel  
loads (Arno 2000).  Consequently, the fuels complexes that develop in maturing spruce- 
fir forests become more conducive to crown-fire development when environmental  
conditions are appropriate and are often regarded as a limiting factor for fire spread  
(Johnson 1992, Arno 2000, Johnson et al. 2001).   
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In spruce-fir forests, spruce beetle (Dendroctonus rufipennis Kirby [Coleoptera:   
Curculionidae]) epidemics result in the most significant amount of tree mortality between  
stand replacing fire events (Baker and Veblen 1990, Veblen et al. 1991b, Veblen et al.  
1994, Jenkins et al. 1998, Parish et al. 1999).  Extensive spruce beetle epidemics have  
been reported in the western United States since the mid 1880s (Hopkins 1909, Schmid  
and Frye 1977, Baker and Veblen 1990, Rebertus et al. 1992, Hebertson and Jenkins  
2008).  Over the past two decades large areas, including nearly 36,000 ha between 2002  
through 2004, of spruce-fir forests in central and southern Utah have been affected by  
spruce beetle epidemics, with the insect often killing over 90% of spruce greater than 36  
cm in diameter (Dymerski et al. 2001, Keyes et al. 2003, Matthews et al. 2005, DeRose  
and Long 2007).  The intensity and expanse of tree mortality has federal and state land  
management agencies as well as private landowners concerned over the buildup of hazard  
fuels and increased potential for extreme fire behavior.  Recent research has been done to  
quantify or qualify how bark beetle-induced tree mortality actually alters fuel complexes  
for several species including spruce beetle (Schulz 2003, DeRose and Long 2007),  
mountain pine beetle (D. ponderosae Hopkins, Coleoptera:  Curculionidae) in lodgepole  
pine (Stone and Wolfe 1996, Page and Jenkins 2007, Klutsch et al. 2009) with increases  
in litter, 1hr, and live fuel loads; and Douglas-fir beetle (D. pseudotsugae Hopkins,  
Coleoptera:  Curculionidae) with live fuel load and cover increasing following outbreaks  
(McMillin and Allen 2003).  
The objective of this research was to determine how fuel complexes differed  
between stands with endemic populations of spruce beetle versus stands experiencing  
current outbreaks or those with older spruce beetle-induced tree mortality.   
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Understanding specific changes in fuel complexes associated with spruce beetle-induced  
tree mortality can help land managers devise appropriate strategies for long term  
management of spruce-fir forests, hazardous fuel mitigation, and fire planning.    
  
Methods  
Study Site Selection   
Forest Health Monitoring aerial detection survey maps (ADS) were used to locate  
spruce-fir forests in Utah that had experienced spruce-beetle outbreaks from the late  
1980’s to 2006.  Polygons of current, recent and older spruce beetle-caused tree mortality  
were identified. Spruce beetle-caused tree mortality that occurred between 2001 to 2006  
was considered current or recent.  Older spruce beetle-caused tree mortality occurred  
prior to 2001.  The Fishlake and Manti-LaSal National Forests located in central and  
southeastern Utah, respectively, were selected as study areas both having spruce-fir  
forests with polygons of current and older spruce beetle-caused tree mortality and  
uninfested stands within close proximity.    
Aerial photographs and 7.5-minute, United States Geological Survey (USGS)  
topographic maps were used to delimit potential spruce-fir stands within spruce beetle- 
affected polygons and adjacent uninfested forests.  All stands were then grouped into one  
of three spruce beetle classifications; endemic, epidemic, and post-epidemic.  The  
endemic class was comprised of uninfested stands or those with less than one currently  
attacked tree ha-1.  The epidemic class consisted of stands within ‘current’ polygons that  
had increasing numbers of infested trees and at least two pockets of five trees attacked  
during the past five years (Bentz and Munson 2000).  The post-epidemic class consisted  
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of stands with a minimum of 75% mortality of overstory trees greater than 12.7 cm  
diameter at breast height (dbh) and no current spruce beetle activity detected during the  
past five years.  These classes were chosen to serve as substitutes for spruce beetle  
outbreak conditions similar to time substitution experiments described by Pickett (1989).   
Specific criteria were then established to select potential stands within each spruce  
beetle class to sample.   This was done to ensure that mean differences in both surface  
and aerial fuels could be attributed to spruce beetle class.  These criteria were as follows:  
1. All stands within and among spruce beetle classes had mean basal areas greater  
than 23 m2/ha, mean quadratic spruce diameters greater than 36 cm, and were  
composed of greater than 65% spruce.  Both live and dead standing spruce trees  
were considered in determining the structure of post-epidemic stands.   
2.  All stands were located on sites with similar characteristics including slope,  
aspect, and habitat type.   
3. None of the stands had been altered by other disturbances such as timber 
harvesting, snow avalanches, or blowdown.   
4. Stands were accessible.  
Every potential sample stand was then surveyed and mensuration data collected to  
validate its spruce beetle classification and to ensure that the all above selection criteria  
were satisfied.  Stands that did not meet all selection criteria were eliminated from the  
study.  Two sample stands in each of the three spruce beetle condition classes were then  
randomly selected from the remaining set of potential candidate stands on both the  
Fishlake and Manti-LaSal National Forests.    
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Measurement of Site and Stand Characteristics  
For sampling purposes, plots were systematically established in each sample stand  
from a randomly selected starting point and spaced 100 meters by 150 meters apart.   
Depending on stand size, 16 to 27 plots were sampled in each stand.  From each plot  
center, general information was collected for each plot including aspect, slope and  
elevation.  All sample data were collected during the summers of 2006 and 2007.  
A 20 basal area factor (BAF) prism and a 12.7 cm dbh lower diameter limit were  
used to select live and dead sample trees, regardless of species in each plot for sampling  
purposes.  Species, dbh, crown class, and percentage of live and/or dead needles were  
determined for each tree.  Each sample tree was also assigned a condition of 1) healthy  
(i.e., no visible evidence of attack), 2) unhealthy (i.e., tree damaged but able to survive),  
and 3) dead.  Year of spruce beetle attack was also determined for all sampled trees.   
Recently attacked trees were successfully infested or killed within the last four years.   
Older attacked trees were attacked more than four years ago or had died from other  
mortality agents.  Attack dates were based on living beetle development stages within the  
inner bark, the percentage of green versus fading foliage, fine twig loss, and bark  
deterioration.  Stand age was determined from ring counts of increment cores taken from  
a representative live tree at stump height (0.30 m) on each plot.    
Fuel Measurements   
All fuels were inventoried on each plot utilizing methods described by Page and  
Jenkins (2007) and Brown and others (1982).     
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Canopy Fuels  
Estimates of the percentage of live, dead and green-altered needles were made for  
all sampled trees.  Green-altered foliage refers to needles on currently attacked trees  
where live fuel moisture may differ from green needles on unattacked trees (Jenkins et al.  
2008).  Crown base height, crown width and tree height were measured directly from a  
randomly selected live tree greater than 12.7 cm dbh.  Crown base height was defined as  
the height in which flame could carry upward into a tree’s canopy, representing the  
interaction between surface and crown fuels (Scott and Reinhardt 2001).    
Surface and Ground Fuels   
Four planar intercept transects 19.81 m long, were established in each cardinal  
direction from plot center and were used to tally downed woody fuels intersecting the  
transect plane.  A go-no-go gauge was used to measure standard time lag diameter-based  
fuel size classifications of 1 hr (0.0-0.64 cm), 10 hr (0.65-2.54 cm), 100 hr (2.55-7.62  
cm), and 1000 hr (>7.62 cm).  The smallest pieces (1 hr and 10 hr) were tallied between  
1.52 m and 3.35 m.  The 100 hr size class was tallied between 1.52 m and 6.40 m and the  
1000 hr size class was tallied between 1.52 m and 19.81 m.    
Two fixed-diameter micro-plots 1.83 m in diameter were established at 10.67 and  
19.81 m along each of the four transects (total of eight per plot) for quantifying fuel bed  
intercept height, live/dead shrub and herbaceous cover and height as well as litter/duff 
biomass and depth.  The data collected in each micro plot included an ocular estimate of  
the percentage of both live and dead cover and an average measured height for shrubs  
and herbaceous plants (forbs and grasses).  Duff and litter depth in addition to fuel  
intercept height was measured at the center of each micro-plot.  Fuel intercept height was  
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determined by imposing a 0.30 m plane perpendicular to the fuel transect and measuring  
the highest downed woody particle intercepted by that plane (Brown 1974).  
Data Analysis  
Summary of Stand Characteristics  
Live and dead basal area, trees ha-1, and quadratic mean diameter (qmd) were  
calculated for each tree species sampled in the survey.  The number of downed trees ha-1  
estimated in post-epidemic stands was combined with the number of standing dead trees  
ha-1 from the variable-radius plot to determine dead spruce trees ha-1 post-outbreak.  Tree  
regeneration heights, stems ha-1, and the amount of oven dried fuel biomass ha-1,  
estimated from Appendix D of Brown et al. (1982) were also calculated.  
Summary of Canopy Fuels  
Data collected from sample trees were utilized to calculate the live, available  
canopy fuel load, canopy base height and canopy bulk density.  Live, available canopy  
fuel load was determined from live crown biomass estimates using allometric equations  
developed by Brown (1978) based on tree species and crown class.  These equations  
provide fuel estimates for live foliage and branch wood less than 0.65 cm.  Call and  
Albini (1997) determined that all live foliage and 65% of 1-h fuels in the tree crown  
would be consumed at 100% moisture content in a crown fire.  We, therefore, added 65%  
of the 1-h fuels into the live crown weight to determine available canopy fuel load (Call  
and Albini 1997, Cruz et al. 2003).  Mean canopy base height was calculated as a  
weighted average using the number of trees ha-1 represented by each sampled tree,  
averaged over plots within a stand.  Canopy bulk density for each plot was then  
calculated from the live, available canopy fuel load divided by the canopy length (i.e.,  
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total tree height minus crown base height) of the randomly selected and measured tree on  
each plot (Keane et al. 1998).  
To calculate suspended canopy foliage weight, foliage was separated into live,  
dead, and green-altered foliage on sampled trees using a procedure similar to Page and  
Jenkins (2007).  Live foliage was classified as green needles remaining on healthy and  
unhealthy trees.  Green-altered foliage was approximated for recently infested trees  
having more than 90% green needles remaining.  Dead foliage was derived from infested  
trees with less than 90% green needles remaining and/or foliage fading from green to  
yellow or red in coloration.    
Calculation of Surface and Ground Fuels   
Surface and ground fuels were input into the fire effects monitoring and inventory  
protocol (FIREMON), version 2.1.1 to derive specific surface and ground fuel loads  
(Lutes et al. 2006).  Total fuel load estimates for downed woody fuels, litter, and duff  
were estimated using methods described by Brown (1974) within the software.  Weight 
estimates for dead and living surface vegetation were based on summarized bulk densities  
based on surface vegetation coverage and average height as described in Page and  
Jenkins (2007).  The methods we used to compute fuel bulk depth are described in Albini  
and Brown (1978).  
Statistical Analysis  
Fuel variables/parameters were averaged over plots to calculate stand means in  
each spruce beetle condition class.  These estimated stand means (comprising the  
fundamental replicating unit) were then used to assess if stand level fuel complexes  
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differed between endemic, epidemic and post-epidemic classes of spruce beetle outbreaks  
in a completely randomized design.    
All  data were normally distributed (PROC UNIVARIATE) (SAS Institute Inc.  
2005) except live Engelmann spruce trees ha -1 which were square root transformed and  
live subalpine fir trees ha-1, live herbaceous cover and biomass which were log- 
transformed prior to analysis to better meet assumptions of normality and  
homoscedasticity.  All other variables were analyzed on the original scale.  Descriptive  
statistics and results of significance testing are reported.    
One-way ANOVA was used to assess differences in the various response metrics  
(i.e., fuel loads and parameters) associated with three classes (i.e. endemic, epidemic, and  
post-epidemic classes) of spruce beetle infestation.   The data analyses were generated  
using the MIXED procedure in SAS/STAT software, Version 9.1.3 of the SAS System  
for Windows (SAS Institute, Inc. 2005).  CONTRAST and ESTIMATE statements were  
used to test differences between the three bark beetle condition classes. Results of the  
multiple tests were not adjusted for inflated Type I error to maximize the power of the  
statistical tests.  
Results  
A summary of stand age, diameter, number and density of trees by tree species  
and condition for sampled stands in each spruce beetle condition class is given in Table 1.   
Numbers of live Engelmann spruce differed significantly between the three bark beetle  
condition classes.  Endemic stands had significantly greater numbers of live Engelmann  
spruce followed by post-epidemic and epidemic stands.    
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All sampled epidemic and post-epidemic classes had significantly higher numbers  
of dead Engelmann spruce trees ha-1, lower live basal area, and lower live spruce qmd,  
compared to the endemic class.  Epidemic stands had significantly fewer live and dead  
spruce ha-1, and smaller diameter live spruce ha-1 than post-epidemic stands.  Only 11%  
of the spruce trees killed in post-epidemic stands had fallen since outbreak initiation  
(Table 1).  
Surface and Ground Fuels  
The effect of bark beetle condition class on down woody fuel, duff and litter  
amount and depth and surface and ground fuels is given in Table 2 and shown graphically  
in Figure 1.  Epidemic condition classes had significantly greater litter amounts and litter  
depth than either endemic or post-epidemic conditions classes.  Epidemic condition  
classes had significantly more 100 hr time lag woody fuels than the endemic class.   
Stands in all three condition classes had similar amounts of rotten 1000 hr time lag fuels.  
The amount, height, and coverage of live herbaceous plants was significantly  
greater in epidemic and post-epidemic classes compared to endemic class, while  
significantly more dead herbaceous plant materials occurred in post-epidemic class than  
the other two classes (Table 3).  The analysis of live shrub measures yielded similar  
significant results, except dead shrub cover and biomass did not differ significantly  
among the three condition classes (Table 4).  
  
Comparison of Canopy fuels  
  
Stand canopies in the endemic class had significantly greater available fuel loads,  
bulk densities, and base heights (Table 5).  The mean amount of available live foliage  
was significantly greater in the endemic class compared to the epidemic and post- 
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epidemic classes.  The epidemic class had significantly more dead foliage and green- 
altered foliage than either the endemic or post-epidemic classes (Figure 2).    
Discussion  
The results of our study revealed changes to stand conditions in spruce-fir forests  
during the course of spruce beetle outbreaks.  The percentage of live overstory spruce  
decreased in epidemic and post-epidemic classes.  A decrease in live basal area and  
average spruce diameters was also evident in epidemic and post-epidemic classes due to  
the high proportion of large diameter spruce that were killed by beetles.     
Canopy fuels  
Spruce beetle-induced tree morality altered the aerial fuels complexes in our study  
areas.  We observed an overall reduction in the available fuel load, bulk density, and base  
height of live trees in the epidemic and post-epidemic class when compared to the  
endemic class.  Available fuels loads were approximately five and three times higher in  
the endemic class when compared to the epidemic and post-epidemic classes,  
respectively.    
Initial decreases in live canopy fuels were largely due to the overall loss of foliage  
that occurred with the onset of tree mortality attributed to spruce beetle attack.  Trees in  
the epidemic class had mixtures of live and dead needles although we did observe a loss  
of needles from trees within two years following bark beetle attack.   
In epidemic and post-epidemic stands where the largest spruce were killed by  
beetles, smaller spruce and fir trees were tallied and comprised the live canopy fuel load  
(Table 5).  This explains the difference in available canopy fuel loads, bulk density and  
crown base heights across the three beetle classes.  Regeneration by tree species is not  
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affected by beetle activity until well into the post-epidemic phase when conditions such  
as increases in available light, nutrients, water and mineral soil influence seedling  
establishment and growth (Aplet et al. 1988, Jenkins et al. 1998).  
Surface and Ground Fuels  
Changes in downed woody fuels, as well as herbaceous and shrub fuels, have  
been documented to increase following spruce beetle outbreaks in Alaska spruce-fir  
forests (Holsten et al. 1995, Schulz 2003, Boucher and Mead 2006) and forests in  
northwestern Colorado (Schmid and Hinds 1974, Veblen et al. 1991a, Veblen et al.  
1991b).  In our study, however, we only found significant differences in surface and  
ground fuels within the litter component.   There was 39% and 41% more litter in the  
epidemic class compared to the endemic and post-epidemic classes, respectively.  The  
greater amount and depth of litter in the epidemic class likely resulted from the loss of  
needles from dead and dying trees.    
The most notable change in fuel bed characteristics was in the herbaceous and  
shrub component.  Both the epidemic and post-epidemic class had greater amounts,  
percent covers, and heights of live herbaceous and shrub fuels than the endemic class.   
Stands in the post-epidemic class had significantly more and taller shrubs than the  
epidemic class.  Dead shrub fuels in all three condition classes were similar. The scarcity  
of understory vegetation we observed in the endemic class was consistent with  
descriptions of undergrowth commonly observed in mature spruce-fir forests (Bradley et  
al. 1992).  The increases in both herbaceous and shrub fuels in epidemic and post-
epidemic classes were likely due to the increased availability of sunlight, water, and  
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nutrients as overstory spruce died (Yeagar and Riordan 1953, Schmid and Hinds 1974,  
Veblen et al. 1991b).    
Following spruce beetle outbreaks in Alaska, Schulz (2003) found that amount  
and height of sound, woody, surface fuels increased.  Cahill (1977) obtained similar  
results from spruce-fir forests he studied on the White River Forest in western Colorado.   
Our results indicated that spruce beetle condition class accounted for only minor variation  
in down, woody fuel loads.  The post-epidemic class had the same amount of l hr time lag  
down woody fuels as the endemic class perhaps because, like litter, these fuels quickly  
decompose after falling to the forest floor returning to approximate background levels.    
We expected to observe more 10 hr and 100 hr time lag fuels in older spruce  
beetle-affected stands as the larger branches of dead trees began to dry out and break.   
We found that all three spruce beetle classes had comparable amounts of 10 hr time lag  
fuels.  The endemic class did have significantly less 100 hr time lag fuels than the  
epidemic class.    
Schulz (2003) reported increases in 1000 hr fuels 13 years after a spruce beetle  
outbreak in white spruce in Alaska.  Cahill (1977) estimated that 20 spruce beetle-killed  
snags fell each year since an outbreak that occurred between 1939 and 1951 in the White  
River National Forest in Colorado.  Fall and decomposition rates for dead spruce  
however, are highly variable, and often influenced by site factors such as slope steepness,  
soil moisture, and the incidence of wood rotting fungi (Mielke 1950).  Consequently, our  
ability to reliably detect spruce beetle-induced changes in coarse woody fuels may  
require a longer passage of time.  Jenkins et al. (2008) extrapolated from field data to  
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estimate coarse, woody debris accumulation and decomposition over the course of a bark  
beetle rotation.    
The deposition of woody fuels from spruce beetle-killed trees accounts for the  
significantly greater fuel bulk depth we observed in the post-epidemic class when  
compared to the endemic class.  Fuel bulk depth is expected to increase over time  
dependent on fall rate and the balance between accumulation, compaction and  
decomposition.  
Conclusions 
In this study we quantified the changes to surface and aerial fuels that occur over  
the course of a spruce beetle outbreak in subalpine spruce-fir forests.  We measured stand  
and fuel attributes on plots that had endemic, epidemic and post-epidemic spruce beetle  
populations.  We found that during outbreak spruce stands undergo significant changes in  
structure, composition and fuel characteristics.  As outbreaks develop spruce beetles  
systematically colonize and kill the largest trees first, resulting in an overall reduction in  
stand diameter and basal area.  The death of the large trees results in a flush of fine fuels,  
especially litter, during the first two seasons following tree death.  Overstory beetle  
mortality opens the canopy allowing increases in live herbaceous fuels followed by live  
shrubs as stands move into the post-epidemic condition.   Fine and coarse woody fuels  
accumulate slowly over time, but did not increase significantly during the course of our  
study.  We speculate that woody fuels will accumulate with time as wind and snow break  
up standing mortality and as dead trees fall.  Deep winter snowpacks facilitate  
compaction of surface fuel and decomposition will offset some portion of accumulation  
as stands move farther into the post-epidemic condition.   
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Bark beetle-induced overstory tree mortality results in canopy fuel changes as 
well.   The epidemic stage is likely the most flammable since crowns are composed of a  
combination of green, beetle-affected and dead needles with variable foliar moisture and  
terpene content decrease.   It is also during this period that surface fuel is most likely to  
support ignition and fire spread.  In the late epidemic and early post epidemic stage  
canopy bulk density, available fuel load and crown base height decrease and crown fire  
initiation is less likely.  There will be a variable combination of spruce and fir poles,  
saplings and regeneration, standing dead snags and coarse woody surface fuel over the  
prolonged post-epidemic period.   Ultimately over decades-to-centuries stand structure,  
composition and fuel characteristics will transition from post-epidemic to endemic  
conditions suitable for another spruce beetle outbreak.  Historic spruce beetle outbreaks  
have been documented (Hebertson and Jenkins 2008) and it seems likely that the cyclic  
pattern of beetles and fuels is a natural part of the subalpine spruce-fir landscape.  
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Table 1.  The means calculated for selected attributes measured in stands compared 
between spruce beetle condition classes on the Manti-LaSal and Fishlake National 
Forests. One way ANOVA was used to test for mean differences.  CONTRAST and 
ESTIMATE statements were used to test for significant differences between bark beetle 
condition classes. 
En 158 35.16 En vs Ep - - -
Ep 133 19.19 Ep vs PEp - - -
PEp 134 8.44 En vs PEp - - -
En 340 4.58 En vs Ep 9 10.29 <0.01
Ep 39 18.44 Ep vs PEp 9 -4.61 0.00
PEp 139 48.07 En vs PEp 9 5.68 0.00
En 136 3.38 En vs Ep - - -
Ep 135 14.26 Ep vs PEp - - -
PEp 93 44.98 En vs PEp 9 2.25 0.05
En 44 5.88 En vs Ep 9 29.07 <0.01
Ep 8 1.67 Ep vs PEp - - -
PEp 10 1.44 En vs PEp 9 27.63 <0.01
En 38 4.51 En vs Ep 9 20.8 <0.01
Ep 5 0.30 Ep vs PEp 9 -7.07 <0.01
PEp 16 4.58 En vs PEp 9 13.73 <0.01
En 45 23.10 En vs Ep 9 -8.28 <0.01
Ep 273 74.05 Ep vs PEp 9 -3.22 0.01
PEp 361 110.32 En vs PEp 9 -11.50 <0.01
t-value P
2 9 2.35 0.15
F P Estimate df
2 9 53.16 <0.01
2 9 3.30 0.08
<0.01
2 9 223.7 <0.01
2 9 537
2 9 70.37 <0.01
Fuel
Type
Beetle
Condition*
Num
df
Den
df
Mean S.E.
Dead ES 
Tree ha-1
Age
(yr)
Live ES 
Tree ha-1
Live SAF 
Tree ha-1
ES qmd 
(cm)
Live BA 
(m2)
 
*En = Endemic; Ep = Epidemic; PEp = Post Epidemic; yr = years; BA = mean basal 
area; ES = Engelmann spruce; SAF = subalpine fir; QMD = quadratic mean diameter. 
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Table 2.  Summary of downed woody fuel data compared between spruce beetle 
condition classes on the Manti-LaSal and Fishlake National Forests. One way ANOVA 
was used to test for mean differences.  CONTRAST and ESTIMATE statements were 
used to test for significant differences between bark beetle condition classes. 
En 1.05 0.06 En vs Ep - - -
Ep 1.25 0.25 Ep vs PEp - - -
PEp 1.05 0.32 En vs PEp - - -
En 2.69 0.17 En vs Ep - - -
Ep 2.82 0.57 Ep vs PEp - - -
PEp 3.15 0.50 En vs PEp - - -
En 3.51 0.16 En vs Ep 9 -2.38 0.04
Ep 5.58 2.08 Ep vs PEp - - -
PEp 5.42 0.11 En vs PEp - - -
En 25.46 3.24 En vs Ep - - -
Ep 27.79 1.19 Ep vs PEp - - -
PEp 31.22 1.66 En vs PEp - - -
En 17.01 1.34 En vs Ep - - -
Ep 25.39 1.57 Ep vs PEp - - -
PEp 19.48 0.53 En vs PEp - - -
En 30.44 1.91 En vs Ep - - -
Ep 35.76 7.03 Ep vs PEp - - -
PEp 33.20 5.50 En vs PEp - - -
En 4.02 2.01 En vs Ep 9 -4.21 <0.01
Ep 6.60 1.09 Ep vs PEp 9 4.31 <0.01
PEp 3.95 0.37 En vs PEp - - -
En 6.53 0.13 En vs Ep - - -
Ep 7.27 1.93 Ep vs PEp - - -
PEp 8.83 1.12 En vs PEp 9 -2.60 0.03
En 3.45 0.22 En vs Ep - - -
Ep 4.05 0.81 Ep vs PEp - - -
PEp 3.76 0.62 En vs PEp - - -
En 0.91 0.45 En vs Ep 9 -4.16 <0.01
Ep 1.49 0.25 Ep vs PEp 9 4.30 <0.01
PEp 0.89 0.09 En vs PEp - - -
Fuel
Type
Beetle
Condition*
Mean S.E. t-
value
Num
df
Den
df
P
1-Hr
(tonnes ha-1)
2 9 0.15
F P Estimate df
2.34
10-Hr
(tonnes ha-1)
2 9
100-Hr 
(tonnes ha-1)
2 9
Fuel Bulk Depth
(cm) 2
1000-Hr-Sound
(tonnes/ha) 2 9
1000-Hr-Rotten
(tonnes ha-1)
2 9
Duff
(tonnes ha-1)
2 9
Litter
(tonnes ha-1)
2 9
1.35
1.13
0.34
3.50
1.07 0.38
<0.01
Litter Depth
(cm) 2 9
12.08
Duff Depth
(cm) 2 9
9
<0.0111.92
1.05
3.52
0.31
0.08
0.72
0.36
0.07
0.39
 
*En = Endemic; Ep = Epidemic;  PEp = Post Epidemic 
  
 
 
 23 
  
Table 3.  Summary of live herbaceous fuel data compared between spruce beetle 
condition classes on the Manti-LaSal and Fishlake National Forests. One way ANOVA 
was used to test for mean differences.  CONTRAST and ESTIMATE statements were 
used to test for significant differences between bark beetle condition classes.  
En 16.00 1.95 En vs Ep 9 -4.91 <0.01
Ep 30.65 9.91 Ep vs PEp - - -
PEp 29.08 2.38 En vs PEp 9 -4.82 <0.01
En 1.05 0.40 En vs Ep - - -
Ep 0.72 0.35 Ep vs PEp 9 -5.21 <0.01
PEp 2.09 1.17 En vs PEp 9 -3.95 <0.01
En 0.21 0.02 En vs Ep 9 -5.82 <0.01
Ep 0.74 0.39 Ep vs PEp - - -
PEp 0.80 0.03 En vs PEp 9 -6.96 <0.01
En 0.01 0.00 En vs Ep - - -
Ep 0.01 0.01 Ep vs PEp 9 -6.24 <0.01
PEp 0.04 0.02 En vs PEp 9 -6.58 <0.01
En 0.11 0.01 En vs Ep 9 -5.52 <0.01
Ep 0.23 0.07 Ep vs PEp 9 -2.27 0.05
PEp 0.27 0.04 En vs PEp 9 -7.79 <0.01
       
2 9
Num
df
Live Herbaceous
Cover (%) 2 9
Fuel
Type
Beetle
Condition*
Mean 
Dead
Herbaceous
(tonnes ha-1)
2 9
<0.01
Herbaceous
Height (m) 2 9 <0.0132.11
Dead
Herbaceous
Cover (%)
27.47 <0.01
Live Herbaceous
(tonnes ha-1) 
2
EstimateS.E. Den
df
9
Pdf
15.77
<0.0127.88
14.76
t-
value
<0.01
F P
 
*En = Endemic; Ep = Epidemic;  PEp = Post Epidemic 
 
  
Table 4.  Summary of live shrub data compared between spruce beetle condition classes 
on the Manti-LaSal and Fishlake National Forests. One way ANOVA was used to test for 
mean differences.  CONTRAST and ESTIMATE statements were used to test for 
significant differences between bark beetle condition classes. 
En 7.03 1.29 En vs Ep - - -
Ep 9.88 1.27 Ep vs PEp 9 -4.05 <0.01
PEp 18.61 0.84 En vs PEp 9 -5.37 <0.01
En 0.28 0.10 En vs Ep - - -
Ep 0.36 0.10 Ep vs PEp - - -
PEp 0.46 0.07 En vs PEp - - -
En 0.38 0.02 En vs Ep - - -
Ep 0.69 0.13 Ep vs PEp 9 -4.88 <0.01
PEp 1.70 0.23 En vs PEp 9 -6.39 <0.01
En 0.01 0.00 En vs Ep - - -
Ep 0.02 0.01 Ep vs PEp - - -
PEp 0.03 0.00 En vs PEp - - -
En 0.12 0.01 En vs Ep - - -
Ep 0.17 0.02 Ep vs PEp 9 -3.80 <0.01
PEp 0.29 0.02 En vs PEp 9 -5.32 <0.01
df
0.44
<0.01
P
<0.01
0.54
t-
value
<0.01
P EstimateNum
df
15.01
0.91
Den
df
15.66
F
0.662 9
9
Live Shrub
Cover (%) 2 9
Dead Shrub
Cover (%)
Fuel
Type
Beetle
Condition*
Mean S.E.
Shrub
Height (m) 2 9
22.31
Live Shrub
(tonnes ha-1)
2
Dead Shrub
(tonnes ha-1)
2 9
 
*En = Endemic; Ep = Epidemic;  PEp = Post Epidemic 
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Table 5.  Summary of live canopy fuel data compared between spruce beetle condition 
classes on the Manti-LaSal and Fishlake National Forests.  One way ANOVA was used 
to test for mean differences.  CONTRAST and ESTIMATE statements were used to test 
for significant differences between bark beetle condition classes. 
En 22.59 2.44 En vs Ep 9 15.6 <0.01
Ep 4.73 0.34 Ep vs PEp - - -
PEp 6.61 0.79 En vs PEp 9 13.95 <0.01
En 0.16 0.01 En vs Ep 9 10.21 <0.01
Ep 0.03 0.01 Ep vs PEp 9 -2.69 0.02
PEp 0.06 0.00 En vs PEp 9 7.52 <0.01
En 6.61 1.45 En vs Ep 9 5.61 <0.01
Ep 2.91 0.29 Ep vs PEp - - -
PEp 3.37 1.54 En vs PEp 9 5.42 <0.01
14.56
df t-value
146.86 <0.01
<0.0
1
<0.0
1
Den
df
F P Estimate P
56.04
Canopy Base
Height (m) 2 9
Fuel
Type
Beetle
Condition*
Mean S.E. Num
df
Available Canopy
Fuel Load
(tonnes ha-1)
2 9
Canopy Bulk
Density (kg m-3)
2 9
 
* En = Endemic; Ep = Epidemic; PEp = Post-Epidemic 
  
  
 
 
 
 
 
 
Figure 1.  Summary of significant changes in surface fuel parameters during the course of 
the spruce beetle outbreak. 
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Figure 2.  Mean amount (tonne ha-1) and standard error of live, dead, and green altered 
foliage.  There was significantly more live foliage in the endemic beetle condition class 
than either epidemic or post-epidemic condition class and significantly more green-
altered and dead foliage in the epidemic beetle condition class than either endemic or 
post-epidemic condition class. 
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